Sustainability of wetland ecosystem is necessary for various important functions such as food storage, water quality continuation and providing habitat for different species of flora and fauna. Hence, an inventory of wetlands of any region is a pre-requisite for their conservation and management. This study has been carried out to delineate the change in freshwater lake of 'Deepor Beel' wetland of Assam, India, using LANDSAT TM data. Field observation shows that the ecosystem is facing both natural as well as anthropogenic threats. Rapid urbanization, Illegal settlements, industries, invasive species (Eichhornia crassipes) are the major cause of this wetland decline. It has been found that massive decline occurred between the period 1991 to 2001 i.e., 1.891 sq.km which was at the rate of -0.171 per year where as the decline between the period 2001 to 2010 was found to be 1.013 sq. km which was at a rate of -0.101. The total area of open water bodies has decreased by 2.904 sq. km from 1991 to 2010 i.e. 59.19%. Thus the overall rate of change in the water bodies from 1991 to 2010 to other land use categories was found to be -0.145. Hence the study reveals the potentiality of Landsat TM data mapping the change in the wetland ecosystem. It is further hoped that the study will have high utility in preparing management plan for conservation of this ecosystem.
INTRODUCTION
Wetlands are an essential fraction of human civilization, meeting many crucial needs for life. Wetland plays a significant role in regional ecosystem, such as the regulation of climate, cleansing of environment and balancing of regional water. The wetland provides critical habitat for a large number of flora and fauna. Based on several estimates, the extent of the world's wetlands is generally thought to be from 7 to 9 million km2, or about 4 to 6 percent of the land surface of the Earth (Mitsch and Gosselink 2000) . Almost 86 % of the estimated total natural wetland area is found in tropical, subtropical, and boreal regions of the world whereas temperate zone wetlands contribute only about 14% of the world's natural wetlands. In India, the total area under wetlands was estimated to be 11.69 Mha (Patil et al. 2009 ). This accounts for 3.66 per cent of geographic area of the country. Wetlands act as important repositories of aquatic biodiversity (Prasad et al. 2002) . It has also been estimated that 20 % of the known range of biodiversity in India are supported by freshwater wetlands (Deepa and Ramachandra 1999) . However in recent years, anthropogenic activities such as urban development and agricultural management have caused a significant change in the land use-land cover and subsequent loss of wetland (Syphard and Garcia 2001) . Of the estimated 58.2 million hectares of wetlands in India, 40.9 million hectares are under rice cultivation (Anon. 1993). Extensive loss of wetlands has occurred in many countries throughout the world (Mitsch and Gosselink 1993) . Hence, Identifying, delineating, and mapping of wetlands on a temporal scale provide an opportunity to monitor the changes, which is important for natural Deka et al. 2011 resource management and planning activities (Prasad et al. 2002) . To conserve and manage wetland resources, it is important to inventory and monitor wetlands and their adjacent uplands. Remote sensing offers a cost efficient means for delineating wetlands over a large area at different points in time and can provide useful information on wetland characteristics (Ozesmi and Bauer 2002; Wulder et al. 2004) .
Remote sensing of wetlands using satellite data dates back to 1972 with the launch of Landsat-1 MSS. Around the world, regional level wetland mapping has been done by several workers using Landsat-1 Multispectral Scanner (MSS) imagery (Work and Gilmer 1976; Butera 1983 , Jensen et al. 1986 . But due to the low resolution of Landsat MSS imagery, the thematic mapper (TM) multispectral instrument was launched on Landsat-5 in 1984, which brings increased spatial resolution (30 m) and increased spectral resolution (6 bands) to bear on the problem of wetland remote sensing. Landsat TM bands 4 (near infrared), 5 (mid-infrared), and 3 (red) were most optimal for discriminating between land-water interface (Dottavio and Dottavio 1984; Ozesmi and Bauer 2002) . Since then Landsat TM has been used for change detection of wetlands by several worker (Dewidar 2004; Kiage et al. 2007; De Roeck et al. 2008; Ibharim 2009 ). With the advent of new technology, various high resolution satellites are now used for wetland remote sensing which include the French SPOT satellite (20 m resolution), the Indian Remote Sensing (IRS-1) satellite (36.5 m resolution), and the IKONOS (1 m panchromatic, 4 m multispectral resolution) satellite. In India several workers have worked on mapping the change in wetlands using remote sensing tool (Chopra et al. 1999; Pattaniak and Reddy 2007; Bhaskar et al. 2010) . Garg et al. (1998) have carried out study to delineate wetlands of a number of districts across India using IRS IA/B, LISS I/II data. Deepa and Ramachandra (1999) documented the interconnectivity of wetlands and changes in it over a period of time for large areas of Bangalore urban and rural districts. Ghosh et al. (2004) study of spatio-temporal changes in the wetlands of north Bihar through remote sensing. Manju et al. (2005) also carried out study to delineate wetlands of east Champaran, Bihar using remote sensing and GIS as the basic tool.
In recent times there has been increasing concern over the continuing degradation of wetlands, especially in Northeast India. Thus, this study is aimed to investigate and evaluate the present status of the study site and to assess morphological change in this wetland environment. This includes the use of Landsat TM, to derive year to year changes and assist in predicting future outcomes and risks for this ecosystem.
MATERIALS AND METHODS

Study site
The Deepor Beel in Guwahati, Assam is documented as one of the most important wetlands of India. It is the solitary Ramsar Site (declared in 2002) of the state and the second of its kind in Northeast India, after Loktak in Manipur. It lies between latitude 26°03′26″-26°09′26″N and longitude 90°36′39″-90°41′25″E and is situated 10 km southwest of Guwahati town, Kamrup District, Assam ( Figure 1 ). It is situated at an altitude of 53 metres above MSL. The main inlets of the beel are the Mara Bharalu and the Basistha-Bahini rivers. The only outlet is Khandajan river positioned towards the north-east of the beel which connects it with the river Brahmaputra. It is a large natural wetland having great biological and environmental importance besides being the only major storm water storage basin for the Guwahati city. The wetland category of Deepor Beel is Inland wetlands and wetland type includes permanent freshwater lake covering an area of over 8 ha, which is a large oxbow lake (Sharma et al. 2006) . (Table 1 ). The images are radiometrically corrected to r ospheric difference between multi-temporal datasets and geometrically rectifi sitional accuracy using GPS locations and S.O.I. toposheet. All the images co-registered in UTM projection using the WGS-84 ta used for the study
Path/ row
Date of acquisition
The Global Land Cover Facility (G so educe the atm ed to improve the po were datum. 
Water body delineation and change analysis
Delineation of water bodies is being done using various digital image processing techniques such as thresholding, modeling technique and classification (Nagarajan et al. 1993) . Thresholding technique is being adopted in the present study. Threshold of an image is a process where the entire pixel values are grouped into a series of expert's specified intervals. The
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r wetland identification is band 5 because of its ability to discriminate land-water interface (Kelley et al. 1998) . Landsat TM bands 3, 4, and 5 are usually the best combination of bands he three bands data of Landsat TM is used and is density sliced interactively with the study rea FCC, such that the pixels having gray values corresponding only water bodies are identified. Hence, the water body mask is re ows that the wetland ecosystem is shrinking from year to year and this can be clearly seen in the 2008). Similar type of study on Change mapping for Urmia Lake based on a com ination of histogram thresholding and band ratio techniques using TM and ETM+ data clearly shows that the area of the lake has been decreased approximately 1040 square kilometers from August 1998 to August 2001 (Alesheikh et al. 2007 ). This clearly verifies the potential of the applied methodology and also the Landsat data in wetland change mapping over time. Pauchard et al. 2006 in there study of three ecosystems in the metropolitan area of Concepcion, Chile, has also found that there was a net loss of 1734 ha of wetlands due to urbanization. Similar type of result can also be drawn from various other studies of wetlands in different region, which indicate that the most important threats are pollution and a decline of water quality (Altinsacli and Griffiths 2001; Ari 2002) .
process divides the image into water and land pixels. From the study of histogram peaks, minimum and maximum value for water pixels is identified and the image is density sliced (Manju et al. 2005) . Thresholding can be performed on single or combination of bands. The most important Landsat TM band fo for wetland detection. Hence, all t a fined by, examining the mask in conjunction with the FCC of the study area. Thereafter, the FCC having only water signature is extracted from the FCC image of the study area using the water body mask. The final binary raster images for the three consecutive years are then converted to vector layer. The area representing the water body in the vector layer is extracted out and overlay analysis is performed to see the change occurred.
RESULTS AND DISCUSSION
Landsat TM images from 1991-2010 reveal considerable spatio-temporal changes of the study area. The analysis of satellite data from 1991-2010 sh Figure 2 . It has been observed from the field study that the ecosystem is facing both natural as well as anthropogenic threats. Rapid urbanization, Illegal settlements and industries establishment around the wetland are accelerating the waste and pollution problems of the ecosystem. Degradation and loss of wetlands are directly linked to drainage for agriculture, industry, urban and tourism development (De Voogt et al. 2000 , Kroll 2000 . Urbanization has steered to the draining and filling of wetlands for both home and industrial development (Keddy 1983) . Population has traditionally seen wetlands as wastelands to be reclaimed for agriculture, solid waste disposal and other kinds of development. Such a view has led to massive reductions in wetland areas (White, 1997) .
It has been found that the total area of open water bodies has decreased 2.904 sq. km from 1991 to 2010. It has been found that massive decline occurred between the period 1991 to 2001 i.e., 1.891 sq.km which is at the rate of -0.171 sq. km per year where as the decline between the period 2001 and 2010 is found to be 1.013 sq. km which is at a rate of -0.101. Hence, the overall rate of change in the water bodies from 1991 to 2010 to other land use categories was found to be -0.145 sq. km (Figure 3 & 4) . Thus, decrease in beel area due to encroachment, heavy deposits results in reduction of water retention capacity and creation of dry surface areas ( 
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This study has found the development of interesting phenomena that is the dynamic growth of the aquatic vegetation. Water hyacinth (Eichhornia crassipes) is the main weed that has invaded the Deepor beel wetland. Water hyacinth is a widespread alien species that has caused considerable economic and ecological damage in inland water systems around the world (Gopal 1987) . Very marginal aquatic vegetation growth can be observed during 1991, but has increased substantially from 1991 to 2010, thus resulting in shrinkage and fragmentation of the water body. It has also been observed that the wetlands are spatially adjoined during 1991 and as the time progresses (2001, 2010) , the wetlands have started fragmenting by detachment from each other due to vegetation growth, encroachment etc. The detachment rate has increased during 2001. The fragmentation of the wetlands is the main cause interrupting the smooth flow of water body in Deepor Beel ecosystem. Pauchard et al. (2006) also concluded the wetlands and other peri-urban ecosystems are rapidly being destroyed, fragmented or invaded by non-native species. Similar type of result was also observed by Sharma et al. (2006) . Jerath (1992) in his study in Harike wetland of Panjub, India concluded that the growth of weeds in the water, inflow of industrial effluents and the addition of agricultural waste products and fertilizers in the ponded area has results not only shrinkage in lake area but also deteriorate the wetland ecosystem.
Construction of railway line in the eastern part of this wetland is another major cause of fragmentation. Altogether these threats have resulted not only in shrinking of the lake area but also deteriorated the natural environment for the survival of different flora and fauna within the wetland. These unfavorable conditions will further worsen subsequently, if all the anthropogenic process continues unhindered. Therefore some urgent conservation measures are required by the planners and managers to save this wetland ecosystem otherwise this rate of change in the wetland areas will led to shrinkage and may lost in due course of time. Change assessment is a primary prerequisite for various management and planning activities at a regional or global level. It has assumed greater importance in view of the shrinkage and degradation of wetlands. Usage of remotely sensed data for mapping provides a cost-effective method. Landsat TM images are capable of identifying the wetland cover and its rate of change. Present study revealed that in the past 20 years, significant loss of wetland has been occurred in the study area due to rapid urbanization, Illegal settlements, industries and excessive growth of invasive species. Spatio-temporal characteristics of wetlands in terms of change detection could serve as guiding tool, in conservation and prioritization of wetlands. Keeping change pattern in wetland area it is being recommended to the planners and managers to take urgent and necessary measures for conservation of Deepor beel, which will otherwise, became extinct in the near future. Lastly, to protect the wetland from habitat loss, fragmentation and alteration the following recommendations are given (i) regular monitoring of the wetland using various modern techniques, (ii) continuous environmental awareness program among local people, (iii) alternative livelihood options to those depends upon the lake, (iv) proper enforcement of the policies, (v) afforestation around the lake area, (vi) minimize the encroachment around the lake area, (vii) eradication of invasive species, weeds and algal blooms at regular interval, and (viii) illegal fishing and poaching in the catchment area should be banned.
